Abstract Theory suggests that males that are larger than their competitors may have increased mating success, due to both greater competitive ability and increased attractiveness to females. We examined how male mating success varies with male size in the tessellated darter Etheostoma olmstedi. Previous work has shown that large males tend to move around and breed in vacant breeding sites, and consequently provide less care for their eggs, while smaller individuals can be allopaternal, caring for the eggs of other males as well as for their own. We studied female egg deposition in a natural breeding population using artificial breeding sites and in the laboratory, where female choice of spawning site was restricted to two breeding sites tended by two males of different sizes. In both the field and the laboratory, nests tended by larger males were more likely to receive new eggs. Additionally, the mean size of males associated with a nest was positively correlated with both the maximum coverage of eggs at the nest and the number of times new eggs were deposited. We discuss how the increased mating success of larger males, despite their decreased parental care, may help explain allopaternal care in this species [Current Zoology 56 (1): 1-5, 2010].
Sexual selection can lead to the evolution of sexual size dimorphism (Andersson, 1994) . In many fish species, particularly those in which males guard territories, larger males can dominate the competition for access to territories and receptive females (Andersson, 1994) . Additionally, larger males may be more attractive to choosing females, as they may provide better parental care or be of increased genetic quality (Zahavi, 1975; Hoelzer, 1989; Andersson, 1994) . Empirical findings on female preference for size are mixed, as females prefer large males in some species, e.g. mottled sculpin Cottus bairdi (Downhower and Brown, 1980) , redlip blenny Ophioblennius atlanticus (Cote and Hunte, 1989) , sand goby Pomotoschistus minutus (Lindström, 1992) , Trinidadian guppies Poecilia reticulata (Reynolds and Gross, 1992) , sailfin molly Poecilia latipinna (MacLaren et al., 2004) , but not in others, e.g. ocellated wrasse Symphodus ocellatus (Wernerus, 1988; Wernerus et al., 1989) ; bicolor damselfish Stegastes partitus (Knapp and Warner, 1991) . Disentangling the effects of male competition and female mate choice can be difficult, as male competition can restrict the choices of females. For example, if large males are able to exclude smaller males from breeding sites, females may only be able to choose among those males who are guarding sites in the presence of females. However, increased success of large males in intra-sexual competition grants females the direct and indirect benefits of breeding with large males, even in the absence of active female choice (Wong and Candolin, 2005) .
The tessellated darter Etheostoma olmstedi is found throughout eastern North America, from Quebec to Florida, in slow-moving, sand-and mud-bottomed rivers and lakes (Page, 1983) . The breeding season varies with latitude and is typically between April and July (Page, 1983) . Males defend rocks and wood debris as nesting sites, cleaning the ceiling of the cavity to maintain the spawning surface. They care for eggs by cleaning off fungus, fanning them, and guarding against heterospecific and conspecific predators (Constantz, 1979) . The species shows sexual size and colour dimorphism: the largest males exceed the size of the largest females, and territorial males display a darker coloration than do females and non-territorial males (Constantz, 1979) .
Observations suggest that large males enjoy a competitive advantage, as they are able to displace smaller males from breeding sites (Constantz, 1979) . The largest males often move to a new territory one day after spawning; when this occurs, other males have been observed to occupy these abandoned nests and care for the unrelated eggs (Constantz, 1979 (Constantz, , 1985 DeWoody et al., 2000) . While Constantz (1979 Constantz ( , 1985 argued that eggs harden 24 hours post-spawning and become less vulnerable to fungus and predation, documentation of cannibalism and fungal development on eggs older than 24 hours suggests that tessellated darter eggs likely benefit from prolonged care (personal observation; DeWoody et al., 2001) . Allopaternal care was suggested to result from a limited number of breeding sites (Constantz, 1979 (Constantz, , 1985 DeWoody et al., 2000) , but Farmer and Alonzo (2008) showed that males actively prefer sites with eggs, despite the potential costs of allopaternal care, including the physiological costs of care, risk of infection to their eggs from foreign eggs, and decreased available spawning surface. While the costs of allopaternal care can be reduced by preferentially cannibalizing or reducing care to unrelated eggs, some males have been observed to eat their own eggs even in the presence of unrelated eggs. Although the viability of the consumed eggs was unknown, this suggests that males may not be able to discriminate based on relatedness (DeWoody et al., 2001) . Therefore, the question of why some males perform such costly care remains unresolved. Larger males are less likely to provide parental care than smaller males, so understanding how male size relates to male-male competition and female preference may shed light on the potential benefits of being allopaternal.
Here, we examine how male size relates to the likelihood of receiving new eggs in the nest by testing 1) whether breeding sites attended by larger males are more likely to have received new eggs than are those attended by smaller males, 2) whether breeding sites with larger males tend to receive new eggs more often than do those sites tended by smaller males, and 3) whether females in the laboratory deposit eggs more commonly in the nest of a larger male versus that of a smaller male. We discuss how a relationship between male size and mating success may help explain the evolution of allopaternal care in this species, as smaller males may increase their mating success through allopaternal care and the exploitation of other female mating biases, such as a preference for nests with eggs.
Materials and Methods
Field observations were conducted in May 2008 in the Salmon River at Leesville, CT (722855W, 413042N). Twenty-six artificial breeding sites were constructed of 4.0 cm-long pieces of 2.5 cm-diameter PVC piping attached to two corners of 14 cm × 14 cm slate tiles. Abandonment of eggs by previously guarding males was observed at over 80% of monitored breeding sites, and alloparental care was confirmed by paternity analysis (manuscript forthcoming). It is unlikely that predation contributed greatly to this high rate of abandonment, as abandoning males were often re-sighted in a new location. Tiles were placed randomly in areas of the stream containing natural breeding sites (generally large rocks and boulders) and monitored for up to 14 days. When a male was first observed at a territory, he was temporarily captured (for less than 5 min) using hand nets, then measured (standard length in mm) and marked using visible implant elastomer tags (Northwest Marine Technology Inc., Shaw Island, WA, USA). While the male was captured, the tile was overturned to prevent another male from taking over the site. After marking, the male and the tile were placed back in their original positions, with the male gently released under the tile. We checked the tiles every one to four days after they were initially placed (on average, every 1.8 days), on each check noting the ID of the resident male, the area of the tile that was covered by eggs, and whether any new eggs had been deposited on the tile. As the eggs on four tiles had begun to hatch prior to the end of the observation period, the mean male size calculation used for comparison with maximum coverage was based on only those males observed up to peak egg coverage (prior to any hatching).
Ten mating trials were run in the laboratory at Yale University, using individuals caught in May and June 2008 from the Leesville site and from Mill River, Hamden, CT (725413W, 412545N). Trials were run in 40-gallon tanks, each containing two territorial males in breeding color and of different sizes (measured as standard length), four gravid females, and two nest sites (of the type used in the field observations). In each trial, one male was at least 5 mm larger (standard length) than the second male. Tiles were checked for eggs daily on the two days following the initial appearance of eggs, and the position of each male relative to the tiles was recorded. Tanks were kept at 15ºC for all breeding trials. Fish were fed frozen bloodworm five times a week (each individual fed to satiation), and room lights were kept on a 12 hr light/12 hr dark cycle. Male position was not controlled, which restricted our ability to differentiate male competition from female choice. However, each male possessed a potential breeding site, and the larger male did not exclude the smaller male from both tiles. Also, by using four gravid females per trial, each male should have had the opportunity to breed.
Statistical analyses were completed with SPSS 11.0. When the dataset included multiple observations of the same male or at the same tile, we used Random Pro 3.03 with 10,000 randomizations to control for non-independence (Jadwiszczack, 2008) . All tests are two-tailed.
Results
Males who received new eggs at the nest they were attending (n = 57 observations; mean size  SE = 64.5  0.8, range = 52.0 to 77.2 mm) were larger than those who did not receive new eggs (n = 16, mean size  SE = 57.5  1.2, range = 50.0 to 65.0 mm; two-sample randomization test, t = 6.98, P = 0.0002; Fig. 1A ). Controlling for tile of observation revealed the same pattern: the mean size of males who were resident at a tile on
Fig. 1 Larger males receive eggs more often than do smaller males
A. Looking across all observations at tiles throughout the field survey, male residents at a tile when it received eggs (n = 57) were larger than males present when it did not receive eggs (n = 16). B. In a paired comparison of nine tiles, the mean size of males (mm) at a tile when it received eggs was greater than when it did not receive eggs. days when it had received new eggs was greater than the mean size of males resident when that tile had not received new eggs (paired t-test, t = 2.31, n = 9, P = 0.02; Fig. 1B ). Tiles were included in this analysis when data on male size was available for observation days on which they both did and did not receive new eggs. Tiles with larger resident males on average also received new eggs more frequently (Pearson correlation, r = 0.63, n = 26, P = 0.001; Fig. 2A ) and had a greater maximum egg coverage (r = 0.49, n = 26, P = 0.01; Fig. 2B ). In all laboratory mating trials, only the larger male received eggs in the nest he was attending (n = 10 of 10 trials; sign test, P = 0.002). As the mean size of males at a tile increased, so did A. the frequency of that tile receiving new eggs and B. the maximum surface area of the tile that was covered by eggs.
Discussion
Larger male tessellated darters had an increased likelihood of receiving eggs in their nests, in both the field and laboratory. Additionally, tiles in the field that were occupied by larger males received eggs more often and had a greater maximum surface area covered with eggs than did tiles occupied by smaller males. Constantz (1979) outlined how male size corresponded to male mating behavior. Generally, he found that those males 50 -55 mm in size rarely controlled a breeding site for very long, and that as male size increased, the number of breeding sites (and therefore breeding opportunities) a male dominated also increased. Our observations were in agreement; while only four of the males that received eggs were below 55 mm in size, all males over 65 mm (n = 23) received eggs. Our findings confirm the mating advantage of large males and are consistent both with competition among males for mates and territories and with a female preference for large males.
It is possible that the increased success of large males arose solely from the ability of larger males to drive away smaller competitors (Constantz, 1979 (Constantz, , 1985 . However, it should be considered that female tessellated darters may have a preference for larger males due to their increased ability to provide care or increased genetic quality (Andersson, 1994) . As tessellated darters spawn over the course of hours (Constantz, 1979) , it is notable that small males never received eggs in the laboratory, despite their possession of a breeding site and the presence of several gravid females. With the larger male occupied in a spawning bout, smaller males had the opportunity to spawn at their own nest site with one of the remaining females, but this did not occur. This suggests that females may have expressed a preference for large males by choosing to delay reproduction rather than spawn with the smaller male. Such a female preference for large size is interesting, as large males tend to move between territories more often and therefore abandon eggs sooner and provide less care than do smaller individuals (Constantz, 1979) .
How could the benefit of mating with a large male outweigh the cost to females of abandonment followed by alloparental care by smaller males? First, females can benefit by breeding with larger males even if they provide less care, provided that such males are of increased genetic quality. Second, the actual costs to females of breeding with less caring large males are likely mitigated by the fact that abandoned eggs are likely to receive allopaternal care, as males prefer territories with eggs (Farmer and Alonzo, 2008) . Furthermore, a female preference for large males may help explain costly allopaternal behavior. In many fish (e.g. blennies, damselfish, darters, gobies, minnows, sculpins, stickleback; see Pruett-Jones, 1992; Jamieson, 1995; Forsgren et al., 1996; Wisenden, 1999) , females prefer to spawn in nests that already contain eggs. Preferring to spawn in a nest with eggs may lead to multiple benefits, including decreased costs of mate or nest choice by copying the territory or mate choice of other females (e.g. decreased search time), decreased predation risk to eggs, increased care by the attending male (due to the increased size of the brood), or increased likelihood of breeding with a good father (Jamieson, 1995) . Female tessellated darters appear to share this preference (Constantz, 1985; Farmer and Alonzo, 2008) . Allopaternal care may be an alternative male strategy that offers an avenue for these possibly less attractive smaller males to increase their likelihood of mating (Oliveira et al., 2008) ; although the size of the male alone may not be sufficient to attract a female, the added cue of eggs may lead to his being favored. Males who are not yet, or may never be, among the largest males may increase their lifetime fitness by caring for the young of others while exploiting a female preference for eggs. Female choice may be based on multiple cues: size as an indicator of indirect benefits and presence of eggs as an indicator of direct benefits. Although preference for eggs can increase the likelihood of a female breeding with a male of lower genetic quality, the benefits may at times exceed those obtained by increased choosiness among particular males. Work is ongoing to detail the mating preferences of female tessellated darters and how these preferences vary among individual females, and to further determine how paternity and rate of allopaternal care vary with male traits.
